Objective: To investigate effects of developmental lead exposure on nitric oxide synthase (NOS) activity in different brain regions and on N-methyl-D-aspartate (NMDA) receptor mRNA expression in the hippocampus of rats. On the basis of these observations, we explored possible mechanisms by which lead exposure leads to impaired learning and memorizing abilities in children. Methods: A series of rat animal models exposed to low levels of lead during the developing period was established (drinking water containing 0.025%, 0.05% and 0.075% lead acetate). NOS activities in the hippocampus, the cerebral cortex, the cerebellum and the brain stem were determined with fluorescence measurement and levels of mRNA expression of the NMDA receptor 2A (NR2A) subunit and NMDA receptor 2B (NR2B) subunit in the rat hippocampus were measured with Retro-translation (RT-PCR). Results: There were no differences in the body weight of rat pups between any of the groups at any given time (/9>0.05). The blood lead level of Pb-exposed rat pups showed a systematic pattern of change: at 14 d of age, it was lower than that at 7 d of age, then rising to the peak level at 21 d and finally falling to lower levels at 28 d. The hippocampal NOS activities of lead-exposed groups were all lower than that of the control group on the 21st and 28th day (P<0.01). NOS activities in the cerebellum of lead-exposed groups were all lower than that of the control group on the 21 st and 28th day (P<0.001) and the NOS activity of the 0.025% group was significantly lower than that of the 0.05% and 0.075% groups on the 28th day (P<0.05). NOS activity in the cerebral cortex of the 0.075% group was significantly lower than that of the control, 0.025% and 0.05% groups on the four day spans (P<0.001). There was no significant difference of NOS activity in the brain stem between any lead-exposed group and the control group on the four day spans. In the 0.05% and the 0.075% groups, the level ofNR2A mRNA expression was higher than that in the control group at 7 d and 14 d of age (P<0.05). In the 0.025% group, the level of NR2A was found to be higher than that in the control group at 7 d of age only (/<0.05). No significant differences were found for the levels of NR2B mRNA expression between any of the groups at any given time. Conclusions: NOS activity in the hippoeampus, the cerebral cortex and the cerebellum are inhibited by lead exposure. The degree of the inhibitory effect depends on the time span of exposure and the lead concentration. Developmental low-level lead exposure was found to raise the level ofNR2A mRNA expression in the hippocampus of rats. Developmental low-level lead exposure does not affect the level of NR2B mRNA expression in the hippocampus.
INTRODUCTION
Lead (Pb) is a neurotoxic heavy metal. Children in the developmental stage are particularly susceptible to the toxic effects of lead exposure. Epidemiological investigations have established the relationship *Corresponding author " Project (No. 021103009) supported by the Science and Technology Bureau of Zhejiang Province, China between chronic developmental lead exposure and cognitive impairments in young children (Bellinger et al., 1991) . The diffusible nitric oxide (NO) is a biological messenger known to be involved in brain development. And the N-methyl-D-aspartate (NMDA) receptor is an excitatory amino acid receptor that plays an important role in learning and memorizing (Collingridge and Singer, 1990) . NO is a gaseous substance produced by the nitric oxide synthase (NOS) from L-arginine. As NO is an unstable and reactive compound with a short half-life, the NOS activity is commonly measured reflects the NO levels. Lead affects the NO production through the inhibition of the NOS activity (Cherty et al., 2001) . NMDA receptors in the hippocampus region are an important target of lead during the developmental period (Lasley et al., 2001) . In this study, an animal model of rats in the developing period was exposed to lead and NOS activities were measured in different brain regions (hippocampus, cerebellum, cerebral cortex, brain stem) in order to investigate the influence of lead on the NOS activity. Semi-quantitative RT-PCR was used to measure the level ofmRNA expression of the subunits NR2A and NR2B in the hippocampus, to get better understanding of the influence of lead on the NMDA receptor gene expression and to explore possible mechanisms of the neurotoxic effect of lead exposure that leads to learning and memory impairment in children.
MATERIALS AND METHODS

Materials
The Experimental Animal Laboratory of Zhejiang University, School of Medicine provided the thoroughbred SD rats. The lead blood level measurements were done with an atomic absorptiometer (AA700) manufactured by Perkin Elmer Company, USA. The blood lead standard samples were provided by the Wisconsin State Laboratory of Hygiene in the USA. The Nanjing Established Bioengineering Institute produced the kit with the NOS determination reagents. The NR2A, NR2B and J3-actin primer were synthesized at Shanghai Bioengineering. DNA scanner (IS 1000 digital image system) was made by Alpha Innotech Corporation. Trizol and PCR marker were bought from Roche and Sigma respectively.
Methods
1. Establishing the animal model: We used 26 healthy mature female SD rats, which were randomly assigned to four groups. There were 8 subjects in the control group that were fed distilled water. The six subjects in each of the other three groups were fed distilled water containing 0.025%, 0.05% and 0.075% lead acetate, respectively. After two weeks, the female rats were mated with male rats at the ratio of 2:1, and after three weeks of pregnancy, the rat pups were delivered. Milk feeding was discontinued on the 21 st day after birth (counting the day of birth as zero) and drinking water was fed with lead concentrations similar to that which the adult rats received until the 28th day after birth. On the 7th, 14th, 21st and 28th day after birth, one or two pups were randomly taken from each nest without regard to their sex. A 0.5 ml blood sample was taken by cardiac puncture, EDTA was added for anticoagulation, and the blood samples were then used for the determination of lead blood levels. The pups were decapitated, the hippocampus, cerebellum, cerebral cortex and brain stem were quickly isolated in ice water, washed in 0-4 ~ physiological saline, divided and stored at -70 ~ 2. NOS activity determination: NOS activity was measured with the fluorescence method (Han, 1993). The measured sample was compared to the light absorption of a blank control liquid, and the NOS activity was calculated on the basis of the protein. One unit of NOS activity equals a production of 1 nmol NO per minute. The enzyme activity was expressed in units per milligram protein (U/mg protein).
3. PT-PCR: RNA was extracted with Trizol extraction liquid and stored at -70 ~ after the determination of purity and concentration, cDNA was synthesised by reverse transcription with OligodT and AMV Rtase. NR2A and NR2B primer were each separately incubated with the internal control 13-actin primer to obtain the desired DNA product. Using a 2% agarose gel electrophoresis with a PCR Marker as a molecular weight comparison, the DNA density was measured with a DNA scanner and the density of the subunit band and the density of the internal control 13-actin band were determined. The value of the density ratio (subunit/13-actin) represented the level of each subunit mRNA.
4. Statistic analysis was done with the computer program Statistical Package for the Social Sciences (SPSS) 8.0. Body weight, lead blood levels and the results of the RT-PCR in each group were analysed with one-way analysis of variance (ANOVA). The comparison of NOS activities was done with covariance analysis. The ratios of subunit/13-actin were changed from X to lg(X+l) to achieve homogeneity before analysis. For all statistical comparisons, P<0.05 was considered significant. All values were expressed as means• deviation (X•
